Introduction
Much of our present understanding about the mechanisms underlying the development of sensory connections is based on work done in the mammalian retinogeniculate pathway. In recent years, the mouse has come to the forefront as a model system to study visual system development largely because modern molecular biology allows for targeted genetic manipulation. The advent of transgenic mouse models has brought forth a plethora of new information about the molecular mechanisms involved in early pathfinding, visual map formation, and the subsequent activity-dependent refinement of connections. While other vertebrate systems allow for genetic dissection, the mouse is particularly well suited for such study because its visual system possesses some of the rudimentary features found in higher mammals including humans (see Finley chapter). With the emergence of mouse models, basic information about the structural and functional composition of the developing retinogeniculate pathway is needed. This chapter provides a detailed examination of the changes that occur during late prenatal and early postnatal life, when retinal axons innervate the LGN, establish and then rearrange their connections with relay cells to form adult patterns of connectivity. This review will focus largely on studies done in a common pigmented strain (C57/BL6) and on the neural elements and related events associated specifically with the retinogeniculate pathway.
Topics to be discussed include the pattern of retinal innervation in LGN, the structural and functional composition of relay cells and interneurons, their associated patterns of connectivity, and the potential mechanisms underlying the remodeling of connections. The LGN also receives rich innervation from a variety of nonretinal sources including the brainstem, thalamic reticular nucleus, and layer VI of visual cortex. Virtually nothing is known about how this nonretinal 3 circuitry develops or how such input contributes to the maturation of retinogeniculate connections. Therefore, a discussion of these aspects of LGN circuitry while important, are not considered.
The development of eye specific segregation in the lateral geniculate nucleus
The topographic representation of visual fields in the retina and central visual targets is a hallmark feature of vision. Visuotopic maps are defined by an orderly series of connections that link neighboring retinal ganglion cells with neighboring neurons in their primary targets, such as the dorsal lateral geniculate nucleus (LGN) of thalamus. For example in the mouse, the nasaltemporal visual axis maps in a medial to lateral plane of LGN, while upper to lower visual fields map in a dorsal to ventral direction Wagner et al., 2000) . A defining feature of these maps is the segregation of inputs from the two eyes. In the LGN of carnivores and primates, retinal projections from the two eyes are divided by cytoarchitectonic laminae. LGN cells within each lamina receive monocular input from the contralateral or ipsilateral eye.
However, as is the case with many nocturnal rodents, the LGN of the mouse lacks an obvious lamination pattern (Fig. 1A; Reese, 1988; VanHooser and Nelson, 2006) . Instead, retinal projections are organized into non-overlapping territories called eye-specific domains that can only be visualized by the anterograde labeling of retinal ganglion cells ( Fig. 1B ; Godement et al., 1984; Jaubert-Miazza et al., 2005) .
In the adult mouse axons from nasal retina and most of temporal retina cross at the optic chiasm and project contralaterally to the lateral and ventral regions of LGN. Since the mouse has laterally placed eyes and poor binocular vision, in pigmented strains, the majority of retinal fibers (-95%) cross at the optic chiasm (Drager and Olsen, 1980) . Crossed projections representing the contralateral eye, occupy as much as 85-90% of the total area in LGN. A much smaller group of retina ganglion cells (-5% ) that arise from the ventro-temporal region, known as the temporal crescent, have axons that do not cross at the optic chiasm, but instead project ipsilaterally and terminate into the antero-medial region of LGN. These uncrossed projections representing the ipsilateral eye, form a patchy cylinder that runs through the rostral-caudal axis of LGN and occupies about 10-15% of the nucleus. This form of eye specific patterning is not apparent during the early stages of target innervation and visual map formation, but emerges sometime near the end of the first postnatal week (Figs. 1B, 2A and 5; Godement et al., 1984; Jaubert-Miazza et al., 2005) . Initially, crossed and uncrossed fibers innervate the LGN at different times, with crossed projections arriving earlier (E16) than uncrossed ones (P0). At these perinatal ages, crossed retinal projections span almost the entire LGN. Uncrossed projections also begin to fill the LGN in a widespread manner, but by P2 a rudimentary patch of terminal arbors is evident in the dorso-medial sector. Between P2-5 the inputs from the two eyes still share a substantial amount of terminal space. By P7, retinal projections from the two eyes begin to show clear signs of segregation, and by natural eye opening (P12-14), they are well segregated and resemble the pattern found in the adult.
In recent years, the use of the cholera toxin b subunit (CTB) has been used extensively as an effective and reliable anterograde tracer (Angelucci et al., 1996; Jaubert-Miazza et al., 2005; Muir-Robinson et al., 2002; Torborg and Feller, 2004; . By making eye injections of CTB conjugated to different fluorescent dyes it is possible to visualize retinal projections from both eyes simultaneously in a single section of the LGN. This allows one to obtain estimates of the spatial extent for crossed and uncrossed projections, as well as capturing 5 the degree of overlap that exists between them (Fig. 2) . For these types of labeling experiments, estimates of spatial extent are based on the density of pixels that express a given fluorescence intensity above some threshold value (Fig. 2C) . At P3 uncrossed projections occupy about 60% of the LGN and overlap with crossed ones by as much as 57%. By P7, the uncrossed projections are receding but still occupy -25% and share -20% of LGN with crossed projections. By P12-14, the time of natural eye opening, uncrossed projections take on the adult profile, occupying -12% of LGN and sharing little (<2%) if any territory with crossed projections. The difference between unsegregated and segregated retinal projections are better understood by analyzing the fluorescence intensity of individual pixels ( Fig. 2B -C, see Feller chapter). These measures have advantages over those that rely on spatial extent, because they provide an unbiased or thresholdindependent index of segregation (Torborg and Feller, 2004) . Scatterplots of pixel intensity underscore a major difference between unsegregated and segregated patterns (Fig. 2B ). For these functions, each point represents a pixel in which the fluorescence intensity of the uncrossed projection is plotted against the intensity of the crossed one. When uncrossed and crossed projections overlap, pixel intensities are high for both and show a positive correlation. However, when projections from the two eyes segregate, pixel intensities show an inverse relationship and a negative correlation. Pixel intensity can also be expressed as the logarithm of the ratio 10 I C; fluorescence intensities (e.g., R=log F /F Torborg and Feller, 2004) . These ratio or R-values can be plotted as a frequency distribution (Fig. 2B) . At young postnatal ages R-distributions tend to be narrow and unimodal, because the majority of pixels have intensity values that are not dominated by one projection or the other. In contrast, at older ages when eye specific patterns are well developed, distributions become skewed, wide, and bimodal. The variance of R-distributions can be used statistically to compare the relative widths of distributions across mice of different ages (Fig 2C; Jaubert-Miazza et al., 2005) or to analyze differences between wildtype mice and transgenic strains Feller 2004, Torborg et al., 2005; see Feller chapter) . In the case of retinogeniculate development, a marked increase in variance occurs between P3 and P10-12. Interestingly, this time course parallels the changes that occur in spatial extent (Fig. 2C) . Taken together, they indicate that axon segregation stabilizes just prior to the period of natural eye opening. In the case of transgenic mouse models, application of these techniques has proven to be extremely powerful because it allows one to assess segregation independently from other aspects of visual map formation and refinement (Torborg and Feller, 2004; Torborg et al., 2005, see Feller chapter) .
Understanding the mechanisms underlying eye specific segregation has been the topic of intense study, and the utilization of transgenic mouse models has been particularly fruitful. (see chapters by Chen, Feller, O'Leary) Briefly, what has emerged is that molecular cues, in the form of Eph family of receptor tyrosine kinases and their cell surface bound ligands, the ephrin A's, play an essential role in the establishment of topographic maps and the location of eye specific modules (Pfeffenberger et al., 2005) . However, the refinement of eye specific segregation into non-overlapping domains is due to the high frequency burst discharges ; see Feller chapter) associated with the wave-like patterns of spontaneous retinal activity that prevail during early postnatal life (Demas et al., 2003) . At least two types of spontaneous retinal activity seem involved; an early phase (P0-8) of cholinergic transmission that contributes to a large-scale rearrangements eye specific territories, and a late one (P10-P14) involving glutamate signaling that drives local patterns of segregation (Muir-7 Robinson et al., 2002) . Moreover, it appears that late phases of spontaneous retinal activity are important to maintain and stabilize newly established eye specific patterns (Demas et al., 2006) .
In nob mutant mice, known for a defect at the rod-bipolar cell synapse, retinal axons actually desegregate following the onset of abnormal spontaneous retinal activity at the time of natural eye opening. Finally, a recent electrophysiological report shows that newly established adult-like connections continue to remain labile well after the period of anatomical segregation. Indeed, they show a remarkable sensitivity to patterned visual activity (Hooks and Chen 2006; see Chen chapter) . Visual deprivation incurred one week after natural eye opening, leads to synaptic weakening and the recruitment of additional retinal inputs. Whether these fine-scale changes in connectivity can be detected with anatomical labeling techniques remains to be tested.
Structural composition of the developing retinogeniculate pathway
As in most rodent species, the LGN is a bean-shaped nucleus that resides in the dorsal lateral aspect of thalamus. In nissl stained material, the nucleus is a homogenous structure with cytoarchitectural boundaries that separate it from the ventral basal complex, medial geniculate nucleus, the intrageniculate leaflet, and ventral geniculate nuclei (Fig. 1A) . Although, "hidden laminae" do exist, in the form of eye specific patterns of retinal innervation (see above) and as a biochemically distinct dorso-lateral shell that contains small calbindin-positive cells presumed to receive input from the superior colliculus (Grubb and Thompson, 2004; Reese, 1988) .
In the developing LGN, neurons differentiate between E10 and 13 (Angevine, 1970) . By E16, the nucleus is visible with a nissl stain and composed of a narrow strip of cells along the dorso-lateral edge of thalamus (Godement et al., 1984) . Between E18 and early postnatal days, 8 the LGN is readily distinguished from other adjacent nuclei. (Godement et al., 1984; JaubertMiazza et al., 2005) and resembles the adult profile (Fig. 1A) .
The cellular composition of mouse LGN is similar to that of higher mammals. There are two basic cell types, thalamocortical relay cells and interneurons. In rodents, the LGN is the only sensory nucleus of thalamus that contains intrinsic interneurons. Both cell types receive retinal input, but only relay cells have axons that exit LGN and project to the visual areas of cortex.
Relay cells are excitatory and utilize glutamate as a neurotransmitter, while intrinsic interneurons are inhibitory and use GABA. The morphology of neurons in the rodent LGN has been examined from Golgi impregnated material (Grossman et al., 1973; Parnavelas et al., 1977; Rafols and Valverde, 1973 ) and more recently, from intracellular fills performed during in vitro recording experiments (Jaubert-Miazza et al., 2005; Ziburkus and Guido, 2006) . Overall, these studies show that relay cells have type I or Class A morphology, which consists of a thick unbranched axon, large spherical shaped soma, and complex multipolar dendritic arbors that are studded with spine-like protrusions (Fig. 1C) . While relay cells display some morphological variation in soma size and dendritic complexity and orientation, it is not clear whether they can be grouped into distinct sub-classes, as observed in other species such as the cat (X, Y, and W) or primate (M, P, and K cells). Interestingly, most relay cells in the mouse LGN show linear spatial summation in their visual response, a feature that is consistent with X-cells . Interneurons, with type II or Class B morphology, have a smaller spindleshaped soma and just a few long sinuous dendrites oriented in a dorsoventral plane that follows the boundaries of LGN (Fig. 1C) . These cells lack a conventional axonal projection, but embedded in their dendritic trees are thin axon-like processes with terminal swellings. Relay 9 cells and interneurons can be distinguished at early postnatal ages by using these morphological criteria or with immunocytochemical markers (Jaubert-Miazza et al., 2005) that stain for the neurofilament protein SMI-32 (relay cells) or the synthesizing enzyme for GABA (interneurons).
Compared to their adult counterparts, developing cells have smaller somata and a simpler dendritic architecture comprised of fewer arbors with short branches ( Fig. 1C ; Jaubert-Miazza et al., 2005; Rafols and Valverde, 1973) . A detailed morphometric analysis in the developing mouse is presently lacking. However in the rat, relay cells undergo two notable "growth spurts" characterized by marked changes in soma size and dendritic complexity (Parnavelas et al., 1977) . One occurs at P4-6 and then another at the time of eye natural opening (P14).
Interneurons seem to develop slower and more gradually, and do not reach their mature state until P18. What remains to be examined is how the dynamic changes in dendritic complexity are coordinated with the retraction of retinal projections to form adult patterns of connectivity.
In adult mouse, the synaptic arrangements of retinal axons, relay cells, and interneurons have a highly conserved and stereotypic ultrastructure ( Fig. 1D ; Rafols and Valverde, 1973) . At the EM level, retinal (RLP) terminals make synaptic contacts with the proximal portions of relay cell dendrites. Interneurons have a conventional synaptic output via an axon which makes contact (F1 profile) with a dendrite of a relay cell. They also have presynaptic terminals (F2) that arise from their dendrites. The latter form part of a specialized triadic arrangement that involves three synapses: one between a retinal and F2 terminal, one between the same retinal terminal and the dendrite of a relay cell, and another between the F2 terminal and same dendritic appendage of a relay cell. This triadic arrangement is found within a glomerulus and provides the basis for excitatory responses in relay cells and interneurons as well as, feed-forward inhibition between interneurons and relay cells (see below). While synapses can be readily identified at early ages (P7) it remains difficult to categorize them on the basis of their ultrastructure (Fig 1D; Slusarczyk et al., 2006) . Pale mitochondria characteristic of RLP terminals can identified but vesicles are sparsely distributed. Further, it becomes even more difficult to distinguish inhibitory profiles despite the presence of GABA labeled gold particles. By P14, all classes of terminals become recognizable and resemble those found in the adult (Fig. 1D) .
Functional composition of the developing retinogeniculate pathway
The morphological changes in cellular composition and synaptic morphology are accompanied by several functional changes that occur in the membrane properties, receptor composition of synaptic responses, and patterns of connectivity. The membrane properties of rodent LGN cells have been studied extensively by making in vitro intracellular recordings in thalamic slices (Crunelli et al., 1988; Jaubert-Miazza et al., 2005; MacLeod et al., 1997) . Adult
LGN cells are equipped with several voltage gated ion conductances. When active they give rise to complex firing patterns that greatly affect the gain of retinogeniculate signal transmission (Fig. 3A) . The most notable ones include: a mixed cation conductance (H) that results in a strong inward rectification during membrane hyperpolarization; a low threshold T-type Ca are remarkably efficient at doing this. Using a novel in vitro preparation, in which the eyes, optic pathways and part of the diencephalon remain intact, it was shown that spontaneous retinal activity generates periodic bursts of action potentials that are temporally coupled to the frequency of retinal waves (Mooney et al., 1996) . Thus, functional, albeit morphologically immature, synapses are present even at the earliest stages of postnatal development. However, despite the early presence of synaptic responses, the receptor composition of postsynaptic activity undergoes marked changes during the period of retinogeniculate axon segregation.
In vitro intracellular recordings made in mature LGN cells reveal that retinal stimulation evokes an excitatory postsynaptic potential (EPSP) that is typically followed by inhibitory postsynaptic (IPSP) activity ( Fig. 3B ; Blitz and Regehr, 2005; Jaubert-Miazza et al., 2005; Ziburkus et al., 2003) . This EPSP/IPSP sequence reflects the pattern of triadic synaptic arrangements described above. Retinal axons make excitatory connections with relay cells.
Additionally retinal axons have collateral branches that make excitatory connections with neighboring interneurons, which in turn, form feed-forward inhibitory connections with relay cells. IPSP activity serves many functions in LGN, including shaping the center-surround antagonistic receptive field structure of relay cells, regulating tonic and burst firing patterns, and establishing the overall gain of signal transmission.
As the ultrastructure suggests, these inhibitory aspects of synaptic circuitry are not fully developed at birth. At this time, the majority of synaptic responses are purely excitatory (Chen and Regehr, 2000; Ziburkus et al., 2003) . The prevalent response is an excitatory postsynaptic event that involves the co-activation of two iontropic glutamate receptor subtypes, AMPA and LGN cells are comprised largely of NMDA activity (Chen and Regehr, 2000) . However, during postnatal development this prevalence gradually wanes and AMPA responses become more prominent. In fact, by P23 there is a 4-fold increase in the AMPA to NMDA ratio contributing to the excitatory response. During this transition, NMDA responses also show reduced activation times, possibly reflecting a shift in subunit composition from NR2B to NR2A. During retinogeniculate development, NMDA responses may facilitate synapse strengthening (Chen and Regehr, 2000; Mooney et al., 1993) or contribute to the activation of other non-synaptic, voltage dependent events (see below). Although it has yet to be tested in the mouse LGN, it seems unlikely that NMDA activation leads directly to the activity dependent refinement of eye specific connections. Correlated firing between retinal ganglion cells and LGN relay cells persists in the absence of NMDA receptor function (Mooney et al., 1996) and in other mammals, NMDA receptor blockade does not seem to interfere with eye specific segregation (Smetters et al., 1994) . Although, they may be involved in more subtle forms of anatomical remodeling, such as the refinement ON and OFF sublaminae (Hahm et al., 1991) .
During the time when the receptor composition of excitatory responses are changing, inhibitory responses begin to emerge, but such activity does not fully mature until P10 (Ziburkus et al., 2003; Guido et al., 2007 submitted) . Inhibitory responses in LGN involve two types of GABA receptors (Crunelli et al., 1988; Ziburkus et al., 2003) . The first to appear is an early, fast EPSPs that activate a high amplitude, long-lasting, slow-decaying depolarization (Fig. 4C ).
These "plateau potentials" have a voltage dependency and pharmacology consistent with the activation of high-threshold L-type (long-lasting) Ca channels (Kammermeier and Jones, 1998; 2+ Lo et al., 2002) . L-type Ca channels are found throughout the nervous system and have been 2+ implicated in a variety of cellular events including, the presynaptic release of transmitter substance, activity dependent gene expression, cell excitability, synaptic plasticity, and cell survival (Lipscombe et al., 2004) . In the rodent LGN, L-type channels are located primarily on somata and proximal dendrites (Budde et al., 1998; Jaubert-Miazza et al., 2005) . Indeed, these channels reside in the same vicinity as retinal terminals (Rafols and Valverde, 1973; Slusarczyk et al., 2006) , thus placing them in an ideal location to amplify retinally evoked events. Plateau potentials in LGN are encountered far more frequently between P0-7 (90%), and then decline gradually with age so that by P18-21 they are rarely observed (Jaubert-Miazza et al., 2005) At least two factors have been identified that contribute to the developmental regulation of plateau potentials (Ziburkus et al., 2003) . First, the high degree of retinal convergence (see below) coupled with heightened NMDA activity favors the spatial and temporal summation of EPSPs.
These synaptic events lead to sustained levels depolarization and thereby greatly increase the likelihood that high-threshold L-type channels are activated. Interestingly, the episodic barrages of retinal EPSPs associated with the transmission of spontaneous retinal waves (Mooney et al., 1996) are well-suited to activate L-type mediated plateau potentials. Indeed, it was shown that repetitive stimulation of retinal afferents in a manner that approximates the high frequency discharge of retinal waves triggers robust plateau-like activity . Secondly, the density of L-type Ca channels found among LGN cells changes with postnatal age. Using an 2+ 1C antibody that recognizes the pore forming a subunit of the L-type channel, it was shown that expression peaks between P0-7, and then gradually declines so by P28 there is a four-fold reduction in the density of labeled cells (Jaubert-Miazza et al., 2005) . Finally, it is worth noting that L-type activity recorded in LGN is identical to the synaptically-evoked plateau potentials recorded in developing neurons of the rodent superior colliculus (Lo and Mize, 2000) and brainstem trigeminal complex (Lo and Erzurumlu, 2002) and bears a similarity to the high threshold Ca activity reported in some brainstem nuclei (Rekling and Feldman, 1997), spinal 2+ cord (Kien and Eken 1998), and invertebrate motor neurons (Dicaprio, 1997) . Thus, this event may reflect a highly conserved mechanism by which cells can acquire large amounts of Ca in 2+ an activity dependent manner.
Patterns of synaptic connectivity in the developing LGN
The age-related changes in postsynaptic receptor and channel function are accompanied by major modifications in the pattern of synaptic connectivity. In vivo recordings in mature mice indicate that relay cells receive monocular input . However, at early postnatal ages, when the inputs from the two eyes have overlapping projections a high incidence of binocular responses are observed (Jaubert-Miazza et al., 2005; Ziburkus and Guido, 2006) . Making use of an in vitro explant preparation in which LGN circuitry and large segments of each optic nerve remain intact, it was shown that separate and distinct EPSPs could be evoked by stimulation of either optic nerve (Fig. 4A) . In addition to binocular responses, another transient feature in synaptic connectivity is the high incidence of synaptic responses that reflect the convergence of multiple retinal ganglion cell inputs onto a single LGN cell (Chen and Regehr, 2000; Jaubert-Miazza et al., 2005; Ziburkus and Guido, 2006, chapter by Chen) .
Estimates of the number of synaptic inputs a relay cell receives can be obtained by gradually increasing the stimulus intensity applied to retinal fibers and then measuring the amplitude of the evoked response (Fig. 4B) . In developing LGN cells, progressive increases in stimulus intensity often give rise to multiple step-wise increases in EPSP (Fig. 4B) . These graded changes reflect the successive recruitment of active inputs innervating a single cell. In mature LGN cells tested with an identical protocol, EPSP amplitude shows far fewer steps. In general, these studies reveal a gradual reduction in retinal convergence with age (Fig. 4B) . During the first postnatal week cells are reported to receive as many as 12-20 inputs (Chen and Regehr, 2000; Hooks and Chen, 2006; Jaubert-Miazza et al., 2005) . Studies in the rat reveal that many developing cells receive as many up to 4-6 inputs from each eye (Ziburkus and Guido, 2006) . Over the course of the next two weeks, monocular responses prevail and the number of inputs declines to 1-3, thus resembling the adult pattern of connectivity. During this pruning process, there are corresponding changes in synaptic strength; as weak inputs are eliminated the remaining ones show as much as a 50-fold increase synaptic strength (Chen and Regehr, 2000) .
Although not yet demonstrated in the developing mouse, these reported changes in retinal convergence may contribute to the postnatal maturation of receptive field properties. In the cat and ferret, immature receptive fields are binocular, quite large, irregularly shaped, and lack distinct on-and off-subregions (Shatz and Kirkwood, 1984; Tavazoie and Reid, 2000) . In contrast, mature receptive fields are monocular, much smaller, and have well-defined concentric center-surround organization.
Finally it is worth noting that the changes in synaptic connectivity described here persist after anatomical segregation is complete. Thus, there may be two phases of axonal remodeling:
an early coarse phase, best captured by bulk anterograde labeling techniques, that involves eye specific segregation, and another fine-scale functional form of refinement that involves the physiologic strengthening of some synapses and elimination of others.
Potential mechanisms underlying the remodeling of retinogeniculate connections
While retinal waves play a prominent role in driving the refinement of retinogeniculate connections, the postsynaptic mechanisms responsible for the implementation of these changes remains unresolved. One likely mechanism is based on a Hebbian model of synaptic modification in which temporally correlated activity between pre-and post-synaptic elements leads to a strengthening (i.e., long term potentiation or LTP) and consolidation of synapses, whereas asynchronous or the absence of activity, results in synapse weakening (i.e., long-term depression or LTD) and synapse elimination. Hebbian-based changes in synaptic strength have been noted in several developing sensory structures including the mammalian neocortex and the optic tectum of the Xenopus, and in some instances, they seem to contribute to the structural refinement of connections (Malenka and Bear, 2004; Ruthazer and Cline 2004) . Long-term changes in synaptic strength may also be involved in stabilizing retinogeniculate connections.
Clearly, retinal waves are sufficient to generate robust postsynaptic activity in LGN Mooney et al., 1996) , and the "nearest-neighbor, same-eye relations" underlying the spatiotemporal patterning of wave activity seems well-suited for promoting Hebbian synaptic plasticity Feller chapter) . Developing LGN cells also exhibit longterm changes in synaptic strength (Mooney et al., 1993) although the exact nature and polarity of these changes wait further testing.
Most models of activity dependent synaptic plasticity rely on co-incident detection via NMDA receptor activation. However, as discussed above, the role of NMDA in driving eye specific refinement seems unlikely. Instead, a more plausible substrate is the L-type Ca 2+ channel. Patterned retinal activity similar to retinal waves evokes long-lasting L-type mediated plateau potentials in developing LGN cells . L-type activity can induce longterm changes in synaptic strength in a number of structures, including the hippocampus (Magee and Johnston, 1997) , developing superior colliculus (Lo and Mize, 2000) , and trigeminal principle nucleus of the brainstem (Guido et al., 2001) . Additionally, synaptically evoked Ca 2+ influx through L-type channels is particularly effective at activating transcription factors that lead to the expression of genes linked to synaptic plasticity (Lonze and Ginty; West et al., 2002) . One in particular involves the cAMP response element (CRE/CREB) transcription pathway (Dolmetsch et al., 2001; Mermelstein et al., 2000) . In mouse LGN, CRE mediated gene expression peaks during early postnatal life (Pham et al., 2001) . Moreover, retinofugal projections of mutant mice that show reduced levels of L-type Ca channel activity or decreased 2+ levels of CRE expression, fail to segregate properly (Cork et al., 2001; Green et al., 2004; Pham et al., 2004) .
Conclusions
The structural and functional composition of the retinogeniculate pathway undergoes a rapid and dramatic period of remodeling during the first two weeks of life ( 
